Early exposure to general anesthesia (GA) causes developmental neuroapoptosis in the mammalian brain and long-term cognitive impairment. Recent evidence suggests that GA also causes functional and morphological impairment of the immature neuronal mitochondria. Injured mitochondria could be a significant source of reactive oxygen species (ROS), which, if not scavenged in timely fashion, may cause excessive lipid peroxidation and damage of cellular membranes. We examined whether early exposure to GA results in ROS upregulation and whether mitochondrial protection and ROS scavenging prevent GA-induced pathomorphological and behavioral impairments. We exposed 7-day-old rats to GA with or without either EUK-134, a synthetic ROS scavenger, or R(+) pramipexole (PPX), a synthetic aminobenzothiazol derivative that restores mitochondrial integrity. We found that GA causes extensive ROS upregulation and lipid peroxidation, as well as mitochondrial injury and neuronal loss in the subiculum. As compared to rats given only GA, those also given PPX or EUK-134 had significantly downregulated lipid peroxidation, preserved mitochondrial integrity, and significantly less neuronal loss. The subiculum is highly intertwined with the hippocampal CA1 region, anterior thalamic nuclei, and both entorhinal and cingulate cortices; hence, it is important in cognitive development. We found that PPX or EUK-134 co-treatment completely prevented GA-induced cognitive impairment. Because mitochondria are vulnerable to GA-induced developmental neurotoxicity, they could be an important therapeutic target for adjuvant therapy aimed at improving the safety of commonly used GAs.
Early exposure to general anesthesia (GA) causes developmental neuroapoptosis in the mammalian brain and long-term cognitive impairment. Recent evidence suggests that GA also causes functional and morphological impairment of the immature neuronal mitochondria. Injured mitochondria could be a significant source of reactive oxygen species (ROS), which, if not scavenged in timely fashion, may cause excessive lipid peroxidation and damage of cellular membranes. We examined whether early exposure to GA results in ROS upregulation and whether mitochondrial protection and ROS scavenging prevent GA-induced pathomorphological and behavioral impairments. We exposed 7-day-old rats to GA with or without either EUK-134, a synthetic ROS scavenger, or R(+) pramipexole (PPX), a synthetic aminobenzothiazol derivative that restores mitochondrial integrity. We found that GA causes extensive ROS upregulation and lipid peroxidation, as well as mitochondrial injury and neuronal loss in the subiculum. As compared to rats given only GA, those also given PPX or EUK-134 had significantly downregulated lipid peroxidation, preserved mitochondrial integrity, and significantly less neuronal loss. The subiculum is highly intertwined with the hippocampal CA1 region, anterior thalamic nuclei, and both entorhinal and cingulate cortices; hence, it is important in cognitive development. We found that PPX or EUK-134 co-treatment completely prevented GA-induced cognitive impairment. Because mitochondria are vulnerable to GA-induced developmental neurotoxicity, they could be an important therapeutic target for adjuvant therapy aimed at improving the safety of commonly used GAs.
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Introduction
Early exposure to general anesthesia (GA) causes widespread apoptotic neurodegeneration in the developing mammalian brain (Jevtovic-Todorovic et al., 2003; Rizzi et al., 2008; Slikker et al., 2007) . Animal and human data also suggest an association between early exposure to GA and long-term impairment of cognitive development (Fredriksson et al., 2004 (Fredriksson et al., , 2007 Jevtovic-Todorovic et al., 2003; Kalkman et al., 2009; Wilder et al., 2009 ).
The triggering events in GA-induced developmental neuroapoptosis are being extensively investigated. Activation of the intrinsic mitochondria-dependent apoptotic pathway appears to be the earliest sign of neuronal injury (Yon et al., 2005) . Our recently published evidence that GA causes significant morphological impairment of
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Abbreviations: GA, general anesthesia; ROS, reactive oxygen species; EUK-134, chloro [[2,2′-[1,2-ethanediylbis[(nitrilo-κN) methylidyne]]bis[6-methoxyphenolato-κO]]]-manganese; PPX, pramipexole; CA1, Cornu Ammonis area 1; DNA, deoxyribonucleic acid; Mn-SOD, manganese-superoxide dismutase; PND, post-natal day; DMSO, dimethyl sulfoxide; i.p., intra-peritoneal; s.c., subcutaneous; OFT, open field test; N 2 O, nitrous oxide; H 2 -DCF-DA, H 2 -2′,7′-dichlorofluorescin diacetate; PBS, phosphate buffered saline; pg 8-isoprostane, prostaglandin 8-isoprostane; EIA, enzyme immunoassay; EDTA, Ethylene-diamino-tetra-acetic acid; BHT, Butylated hydroxytoluene; KOH, Potassium Hydroxide; ELISA, Enzyme-linked Immunosorbent Assay; RAM, radial arm maze; p-p plot, probability-probability plot or percent-percent plot; ATP, Adenosine Tri-Phosphate; LD 50 , median lethal dose.
⁎ Corresponding author at: Department of Anesthesiology, University of Virginia Health System, PO Box 800710, Charlottesville, VA 22908, USA. Fax: +1 434 982 0019.
E-mail address: vj3w@virginia.edu (V. Jevtovic-Todorovic). Available online on ScienceDirect (www.sciencedirect.com). 
0969-

